In this prospective study, 32 patients with symptoms suggestive of small-bowel disease underwent conventional enteroclysis and magnetic resonance (MR) enteroclysis. Image quality, luminal distension, wall thickening, homogeneity of luminal opacification, the presence of artefacts and extraluminal changes were assessed. Small-bowel pathologies were subsequently proved surgically and by follow-up examinations in 19 (59.4%) of the patients. Abnormal findings were detected by MR enteroclysis in 11 of these 19 patients (57.9%). Normal findings on MR enteroclysis were found in eight of the 19 patients (42.1%) whereas conventional enteroclysis detected abnormal findings in these patients. Abdominal lesions outside the small bowel, comprised renal cysts, cholelithiasis, ovarian cysts and horseshoe kidney, and were detected by MR enteroclysis in two, one, four and one, respectively, of these normal patients but not by conventional enteroclysis. Excluding lesions outside of the small bowel, a higher rate of false-negative results and the missing of superficial lesions occurred with MR enteroclysis. It is, therefore, suggested that MR enteroclysis should not be used as a primary way of evaluating small-bowel disease and its use should be restricted to follow-up examinations of known disease.
Introduction
Conventional enteroclysis is frequently used as a diagnostic method for small-bowel disease. Its main limitation is that it frequently provides only indirect information about the small-bowel wall and extraluminal structures. 1 Thus, combining conventional enteroclysis with crosssectional imaging modalities is important in the diagnosis of small-bowel diseases. 2 -4 On the other hand, magnetic resonance (MR) imaging has traditionally been deemed inappropriate for assessment of the small bowel because of peristaltic and respiratory Magnetic resonance enteroclysis versus conventional enteroclysis artefacts related to long acquisition times and lack of an intraluminal contrast agent. 5, 6 The development of MR enteroclysis, however, has improved imaging outcomes and offers increased diagnostic potential for small-bowel diseases. 2,5,7 -11 In the present study, conventional and MR enteroclysis were compared to investigate whether the latter can be used routinely as the primary way of diagnosing small-bowel diseases.
Patients and methods PATIENTS
Patients referred for conventional enteroclysis to GATA Haydarpasa Training Hospital, Istanbul, Turkey between March 2002 and January 2008, because of symptoms considered to be suggestive of small-bowel disease (abdominal pain, diarrhea, fever, weight loss, fatigue, weakness, abdominal distention and constipation) were eligible for inclusion in the study. Exclusion criteria included routine contraindications to MR imaging, such as patients with a pacemaker, metallic implants, claustrophobia or those who were uncooperative, and patients previously diagnosed as having small-bowel disease.
Ethics approval was obtained from the Ethics Committee of GATA Haydarpasa Training Hospital. All patients were given information about the procedures and were asked to complete a written consent form before enrolment in the study.
IMAGING
Conventional enteroclysis was performed as described by Herlinger and Dean. 1 After transnasal intubation of the 12-F enteroclysis catheter (E-Z-EM, Westbury, NY, USA), 200 -250 ml of 70% barium suspension was infused at a flow rate of 75 -150 ml/min. For achieving the double contrast pattern, 1500 -2000 ml of 0.5% methylcellulose solution in water was applied (infusion rate 100 -200 ml/min) with an infusion pump. Afterwards, patients were injected intravenously with 20 mg hyoscine butylbromide (Buscopan ® ; Boehringer Ingelheim, Ingelheim am Rhein, Germany) to decrease peristalsis and then transferred to the MR imaging unit. The MR enteroclysis was performed on a 1.5 T scanner (Magnetom ® Vision; Siemens, Erlangen, Germany) with a phased-array body coil. Intravenous gadolinium (0.1 mmol/kg body weight) was administered as the contrast agent. A single-shot turbo spin echo sequence was used to monitor smallbowel distension and filling. If necessary, to achieve adequate bowel distension, 0.5% methylcellulose solution was administered through a nasojejunal catheter with a manual pump at a flow rate of 80 -200 ml/min. When the appropriate distention was achieved, the MR images were obtained. These comprised breath-hold true fast imaging with steady-state precession (FISP) sequences in the coronal and axial planes and half-Fourier acquisition single-shot turbo spin echo (HASTE) sequence in the coronal plane. Additionally, in all patients, intravenous gadolinium-enhanced T1weighted fat saturation two-dimensional fast low-angle shot (2D FLASH) sequences were obtained in the coronal and axial planes.
IMAGE ASSESSMENT
All MR enteroclysis images were initially assessed by two radiologists who were blinded to the results of the conventional enteroclysis. These radiologists and another who performed the conventional enteroclysis then jointly evaluated both sets of images for each patient. The latter also observed the MR imaging examination to ensure bowel distention. All three radiologists were specialists in abdominal radiology E Silit, CC Basekim, H Mutlu et al.
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(especially of the gastrointestinal tract). Image quality was graded according to the four-point scale described by Umschaden et al. 2 (0, non-diagnostic images; 1, diagnostic images with many artefacts; 2, diagnostic images with few artefacts; and 3, diagnostic images with no artefacts). Luminal distension was also graded according to a four-point scale (0, no distension; 1, slight distension; 2, good distension; and 3, excellent distension). Visual assessments of thickening of the small-bowel wall, homogeneity of luminal opacification, the presence of artefacts and extraluminal changes were also made.
Results
A total of 32 patients with small-bowel disease symptoms were enrolled: 25 men and seven women aged 18 -66 years (mean 31 years). The conventional and MR enteroclysis procedures were both well tolerated by all patients: although three patients complained of nausea and catheter irritation, none vomited during the procedures.
Image quality and luminal distension were good for MR enteroclysis (mean ± SD scores of 2.3 ± 0.6 and 2.6 ± 0.5, respectively) and good or excellent for conventional enteroclysis (mean ± SD scores of 2.7 ± 0.4 and 2.8 ± 0.3, respectively).
Small-bowel pathologies were subsequently proved surgically and by follow-up examinations in 19 (59.4%) of the patients: 12 had Crohn's disease, two had intestinal lymphoma, two had intestinal tuberculosis, two had malabsorption and one had non-specific enteritis. Abnormal findings were detected by MR enteroclysis in 11 of these 19 patients (57.9%) and involved wall thickening and luminal narrowing ( Fig. 1 ) or stenosis, wall irregularity, luminal dilatation, filling defects, fistulas, abscess formation and mesenteric lymph nodes. Normal findings on MR enteroclysis were found in eight of the 19 patients (42.1%) whereas conventional enteroclysis detected abnormal findings in these patients, comprising small-bowel pathologies such as mucosal ulceration and irregularities, fold thickening, fold distortion or atrophy and poor mucosal coating. The remaining 13 of the 32 patients (40.6%) originally enrolled into the study because of small-bowel disease symptoms were found to have no abnormal findings with both MR imaging techniques and on follow up examinations, so they were diagnosed as normal.
Abdominal lesions outside the small bowel, comprised renal cysts, cholelithiasis, ovarian cysts and horseshoe kidney, and were detected by MR enteroclysis in two, one, four and one, respectively, of these normal patients but not by conventional enteroclysis.
A cobblestone appearance to the lumen wall, filling defects, contour irregularities and loss of folds were easily visible with MR enteroclysis. The complete thickness of the small-bowel wall and the luminal stenosis could be measured with MR enteroclysis in nine of the 12 patients (75.0%) with Crohn's disease; conventional enteroclysis only provided indirect indications of these. In three patients conventional enteroclysis detected intramural ulcers, flattening or thickening of the folds and aphthous ulcers. These superficial lesions were not seen on MR enteroclysis. Ileocolic fistulas were visible with both techniques (Fig. 2) in two of the patients with Crohn's disease.
Conventional enteroclysis detected ileovesicular fistulas in a patient in whom MR enteroclysis only showed wall thickening and luminal narrowing. MR enteroclysis by T1-weighted fat saturation 2D FLASH sequences indicated inflammatory disease activity in three patients that was not detected with conventional enteroclysis. In another patient in whom both conventional and MR enteroclysis demonstrated abnormalities in the terminal ileum, MR enteroclysis revealed additional lesions in the ascending colon. In one of the two patients with intestinal lymphoma, both modalities showed In one of the two patients with intestinal tuberculosis, MR and conventional enteroclysis showed wall thickening, luminal narrowing and stenosis. In the other patient with intestinal tuberculosis no abnormalities were seen on MR enteroclysis, but conventional enteroclysis showed mucosal ulceration and irregularities, increased fold thickness and fold distortion. Pericaecal abscess in one of the patients with intestinal tuberculosis and mesenteric lymphadenopathies in two patients with inflammatory bowel disease were detected only with MR enteroclysis.
Flocculation and poor mucosal coating of the contrast medium during conventional enteroclysis in one patient were attributed to non-specific enteritis. In the same patient MR enteroclysis showed indefinite wall thickening. In the two patients in whom malabsorption syndrome was clinically diagnosed, conventional enteroclysis had shown suspiciously poor mucosal coating.
The frequency of false-negatives amongst the 19 patients found to have small-bowel pathologies was higher with MR enteroclysis (eight patients) than with conventional enteroclysis (no patients). When those patients who had activation of inflammatory bowel disease and additional lesions to small-bowel lesions were included, the frequency of false-negatives amongst the MR enteroclysis and conventional enteroclysis were fairly similar (eight versus seven patients, respectively) ( Table 1 ). Pericaecal abscess in one patient (with intestinal tuberculosis), mesenteric lymphadenopathy in two patients (with Crohn's disease) and ascending colon involvement in one patient (with Crohn's disease), were correctly detected only with MR enteroclysis. Magnetic resonance enteroclysis versus conventional enteroclysis remains difficult and ultrasonography, computed tomography, MR imaging and endoscopic methods are all used. 2, 6, 12 Endoscopic techniques do not permit assessment of the entire small bowel and fluoroscopic investigations, although widely used, have projectional limitations and expose patients to radiation. Advances in MR imaging technology are enabling rapid imaging of the entire abdomen with high spatial resolution and MR imaging has, therefore, gained interest for assessment of the small bowel. 2,5,12 -14 Single-shot acquisition within one breath-hold and use of antispasmodics to reduce peristalsis lower the risk of motion artefacts. Use of intraluminal contrast media to achieve homogeneous luminal opacification and fast sequences, especially true FISP sequences, alone 15 or in combination with HASTE sequences and/or T1-weighted fat saturation 2D FLASH sequences, can be used to improve delineation of the walls. 2, 7 Positive (bright lumen) and negative (dark lumen) agents should be selected according to the sequences used. 7, 16, 17 In the present study, true FISP sequences were used because they are insensitive to motion artefacts and HASTE sequences were used because they are insensitive to the susceptibility artefacts. Use of methylcellulose and gadolinium ensured that these two sequences and the T1-weighted fat saturation 2D FLASH sequences yielded images with good homogeneous luminal opacification and high contrast between the small-bowel lumen and wall. The achievement of sufficient luminal distension can be difficult. 2, 4, 18 Insufficient distension can hide lesions and the smallbowel wall might falsely appear thickened. Nasojejunal intubation is widely used, 2,4,17 but can be unpleasant for patients. Use of oral preparations for distension and MR imaging of the small bowel have been investigated, 9,10,19 -22 but seem most appropriate for patients who refuse or who are intolerant of intubation and for followup imaging in patients with confirmed Crohn's disease. 9, 10, 22 In the present study methylcellulose solution was administered via nasojejunal intubation to achieve distension. In a previous study that compared conventional enteroclysis with MR enteroclysis after bowel distension with methylcellulose administered via the transnasal route, rectal tubes had to be used to evacuate the colon and some patients vomited during imaging. 2 In our study all patients tolerated administration without vomiting and none needed rectal evacuation. This can be explained by the fact that no patient in the present study had small-bowel obstruction and uncooperative patients were excluded.
Discussion

Diagnostic assessment of the small bowel TABLE 1: Comparison of magnetic resonance enteroclysis and conventional enteroclysis in terms of the number of patients with various small-bowel pathologies and additional lesions outside small-bowels who showed false-negative results
Small-bowel pathologies
Transmural small-bowel abnormalities and non-small-bowel pathologies were clearly shown by the MR enteroclysis procedure carried out in the present study, as reported in previous studies 7, 10, 11 In addition, multiple chronic inflammatory small-bowel diseases and complications were identified. Conventional enteroclysis has higher spatial resolution than MR enteroclysis, which is helpful in the diagnosis of superficial abnormalities and early lesions of specific and non-specific inflammatory small-bowel diseases. 1, 7, 23 In the present study, the greatest limitation of the MR enteroclysis was its inability to demonstrate superficial mucosal lesions, which indicate the early stage of inflammatory small-bowel diseases.
It is concluded that MR enteroclysis seems to be most useful for follow-up studies of patients with known small-bowel disease in assessing disease activity and detecting complications. This modality should not,
